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Abstract 
In this paper we have explored a novel and green method to synthesis and polymerize ethylene glycol 
dimethacrylate (EGDM). This technique consists on using Maghnite (Algerian clay) as a green catalyst 
to replace toxic catalysts. The Algerian clay has been modified using two ion exchange process to obtain 
Maghnite-H+ (proton exchanged process) and Maghnite-Na+ (sodium exchanged process). Synthesis ex-
periments of EGDM and Poly (EGDM) are performed in bulk respecting the principles of green chemis-
try. The structure of the obtained monomer and the obtained polymer was confirmed by FT-IR, 1H-
NMR and 13C-NMR, where the methacrylate end groups are clearly visible. The presence of unsaturat-
ed end group in the structure of monomer was confirmed by UV-Visible analysis. Thermogravimetric 
Analysis (TGA) was used to study the thermal stability of these obtained products. Copyright © 2020 
BCREC Group. All rights reserved 
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1. Introduction  
Since the discovery of the living anionic 
polymerization of styrene by Szwarc in 1956 [1], 
anionic polymerization of monomers such as sty-
rene, 1,3-butadiene, isoprene, 2-vinylpyridine 
(2VP), and alkyl methacrylate monomers, is still 
the gold standard mechanism by which to ob-
tain polymers with predictable, well-defined 
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structures [2]. Even though anionic polymeriza-
tion is an excellent tool for the synthesis of well-
defined polymers, it is limited in the range of 
monomers that are compatible to this polymeri-
zation technique. As a result, research is contin-
uing to expand the library of monomers and 
polymerization conditions available in order to 
anionic produce next-generation materials that 
contain molecular heterogeneity and functional 
groups based on heteroatoms [3-7].  
Producing polymers based on renewable 
monomers has been the subject of several cur-
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rent research groups around the world. Among 
different types of polymers explored, polymers 
based on renewable resources have been stud-
ied most extensively [8,9]. Polyethylene glycol 
(PEG) is a non toxic polymer with many appli-
cations in the industrial, medical and biological 
field. The first study and characterization of 
PEG was in 1860 by Laurenço [10]. PEG is the 
premise of various laxative, is also used as ex-
cipients in pharmaceutical products and tooth-
pastes as a dispersant [11]. When joined to dif-
ferent protein prescriptions, PEG, also permits 
a slowed clearance of the carried protein in the 
blood, as well, it is used in many commercial 
products [12]. 
Various polyethylene glycol (PEG) macro-
monomers have been reported in the scientific 
literature for many years. These PEG macro-
monomers were prepared from block copoly-
mers between PEG and biodegradable polyes-
ters [13,14] or by acrylation and methacrylation 
of PEG [15-18]. One of the main advantages of 
using PEG macromonomers is the preparation 
of biomaterials hydrogel. Over the past years, 
PEGDM was synthesized by reacting PEG with 
methacryloyl chloride and triethylamine in so-
lution using Dichloromethane as a solvent, at 
room temperature overnight [19] and for 24 h 
[20], with another methods extending reaction 
time to 4 days [21] before filtration and precipi-
tation in diethyl ether. However, all these ap-
proach are time-consuming and are not envi-
ronmentally friendly, as they involve the use of 
relatively large amounts of toxic reagents and 
solvents.  
The absence of termination and chain trans-
fer reactions enables a high degree of control 
over the major variables affecting polymer 
properties, such as molecular weight, dispersi-
ty, chain-end and in-chain functionality, copoly-
mer composition, molecular architecture, and 
block copolymer morphology. However, the syn-
thesis of such well defined polymers requires 
extra care in the procedure and a suitable com-
bination of monomer, solvent and initiator [22]. 
Heterogeneous catalysts based on clays have 
received considerable attention in different 
chemical processes due to their environmental 
compatibility, low cost, selectivity, thermal sta-
bility and recyclability [23,24]. They are one of 
the most widely studied solid acid catalysts for 
many organic transformations [25], such as: al-
kylation [26,27], condensation [28], dimeriza-
tion [29], isomerisation [30,31], ether formation 
[32], transesterification reactions [33], and par-
ticularly in esterification reactions [34]. 
The novelty of this work is to study the syn-
thesis of ethylene glycol dimethacrylate using a 
green and recyclable catalyst (Maghnite-H+), 
and to study its polymerization initiated direct-
ly by Algerian montmorillonite clay (Maghnite-
Na+). This new eco-catalyst has been used suc-
cessfully to prepare and study several kinds of 
polymers [35-37]. First, we have synthesized 
the monomer ethylene glycol dimethacrylate 
(EGDM) by the condensation of ethylene glycol 
with methacrylic anhydride in bulk; and subse-
quently the polymerization of the obtained 
monomer was carried out under suitable and 
mild conditions. The advantage of the polymer-
isation of EGDM with Maghnite-Na+ is the 
very short time of the reaction compared with 
classic methods. 
 
2. Materials and Method  
2.1 Materials  
Ethylene glycol, methacrylic anhydride, 
methanol (CH3OH, 99.9%) and Dichloro-
methane (CH2Cl2, 99.8%) are supplied by Sig-
ma Aldrich and used as received. The raw 
montmorillonite clay was obtained from ENOF 
Maghnia (Algerian manufacture specialized in 
the production of non-ferric products and use-
ful substances).   
 
2.2 Activation of Maghnite-H+  
Maghnite-H+ was prepared according to the 
process reported in our previous study [38]. 
Maghnite-H+ was activated with a sulfuric acid 
solution to give a Maghnite exchanged with 
protons, called Mag-H+. In an erlenmeyer 
flask, crushed raw Maghnite (20 g) was dis-
persed in a volume of distilled water (120 mL). 
The mixture was stirred 2 h at room tempera-
ture. Then, a solution of sulfuric acid (0.25 M) 
was added. The solution thus obtained was 
maintained for two days under stirring. The 
mineral was filtered off and washed several 
times with distilled water up to pH 7. After fil-
tration, Maghnite-H+ is dried in an oven for 24 
Sample SiO2 Al2O3 Fe2O3 CaO MgO Na2O K2O TiO2 SO3 
Raw-Mag(%) 69.39 14.67 1.16 0.30 1.07 0.50 0.79 0.16 0.91 
Mag-H+(%) 71.70 14.03 0.71 0.28 0.80 0.21 0.77 0.15 0.34 
Table 1. Chemical composition of the “Maghnite” (Compositions wt%) 
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h, at 105 °C and was then crushed. Its struc-
ture was established by FT-IR and XRD. The 
composition of raw and treated Maghnite is 
given in Table 1 and the results show that the 
acid treatment leads to a decrease in Al2O3 con-
centration and silica enrichment in the materi-
al. The results also show a decrease in impurity 
levels such as iron oxide and calcite [39]. 
 
2.3 Preparation of Maghnite–Na+ 
Maghnite-Na+ was prepared according to 
the protocol described by Belbachir et al. [40]. 
The raw Maghnite supplied by Bental Spa, was 
crushed and finely sieved, the activation of Ma-
ghnite by sodium was carried out using 1 L of 
NaCl solution (1 M) and 20 g of raw Maghnite 
(2% by weight), the latter was mixed for 24 h at 
room temperature, finally the Maghnite was 
washed several times with distilled water. The 
structure of Maghnite-Na+ was confirmed by 
FT-IR and XRD analysis. 
 
2.4 Synthesis of Ethylene Glycol Dimethacry-
late EGDM 
The synthesis of EGDM was carried out in 
bulk.  In a flask containing 1 mole of ethylene 
glycol, we added an amount of 10 wt% of Ma-
ghnite-H+ which is previously dried for 30 
minutes in the oven at 105 °C. The mixture 
was stirred for 1 h at room temperature (25 
°C), and then we added 2 mole of methacrylic 
anhydride with stirring for 3h. The solution 
was then filtered after adding 10ml of dichloro-
methane (CH2Cl2) to recover Maghnite-H+. The 
catalyst was removed from the mixture by sim-
ple filtration. The filtrate was purified by ex-
traction CH2Cl2/H2O and dried under vacuum 
over night. 
 
2.5 Polymerization of Ethylene Glycol Di-
methacrylate EGDM with Maghnite-Na+ 
The polymerization of EGDM was carried 
out in a heterogeneous system. In an erlenmey-
er flask, 1 g of EGDM and 10 wt% of Maghnite-
Na+ were placed. The mixtures were stirred 
with a magnetic stirrer at 0 °C (using an ice 
bath). After 5 h, the product was dissolved in 
10 mL of dichloromethane. The catalyst was re-
moved from the product by filtration. The re-
sulting polymer was extracted with dichloro-
methane, precipitated in 100 mL of cold metha-
nol. The precipitated polymer was then filtrat-
ed and dried in vacuum and weighed.   
 
2.6 Characterization 
The X-Ray powder diffraction profiles for 
pressed powder samples were recorded on a D8 
Discover Bruker diffractometer using Cu-K 
radiation ( = 1.5418 Å). FT-IR absorption 
spectra were recorded on an Alpha Bruker FT-
IR spectrometer. NMR is a very powerful ana-
lytical method for the elucidation of chemical 
structures. 1H-NMR and 13C-NMR spectra are 
recorded on a Bruker-Avance 400 MHZ appa-
ratus in deuterated chloroform. Polymer ther-
mal stability was assessed using thermogravi-
metric analysis (TGA) using Perkin Elmer STA 
6000 under nitrogen gas in the temperature 
range 30–700 °C with a heating rate of 20 
°C/min and the sample weighed about 6 mg. 
UV–Vis diffuse reflectance spectra were record-
ed using a SPECORD 210 Analytic Jena spec-
trometer. 
 
3. Results and Discussion 
3.1 Characterization of Maghnite (H+ and Na+) 
X-Ray diffractograms of Raw-Maghnite, Ma-
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Scheme 2. Reaction of anionic polymerization 
of EGDM with Maghnite-Na+. 
Figure 1. X-Ray diffractograms of Raw-
Maghnite, Maghnite-H+ and Maghnite-Na+. 
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Figure 1. The calculated basal spacing (d001) 
from XRD patterns, applying Bragg’s equation 
(2.d.sin = n.) is 10.5 Å for Raw-Maghnite and 
14.5 Å for Maghnite-H+. This increase in basal 
spacing is explained by the substitution of sin-
gle water between the sheet of Raw-Maghnite 
by two interlamellar water layer in Maghnite-
H+. The XRD pattern of Maghnite-Na+ shows 
that the calculated basal spacing is 12.29 Å. 
The obtained data show that Maghnite-Na+ is a 
montmorillonite clay. 
FT-IR spectra of Maghnite (Raw, H+ and 
Na+) are shown in Figure 2; it is recorded in or-
der to check the quality of the catalyst prepara-
tion. The hydrated structure of Maghnite-H+ 
results in characteristic vibrations of hydroxyl 
groups around 3400 cm-1 and 3600 cm-1. Vari-
ous Si-O vibrations mode at 1007 cm-1, 756 cm-
1, 518 cm-1, and 449 cm-1 can be attributed to 
the montmorillonite clay structure. All these 
expected absorption bands confirm that the 
structure of the compound is thus in good 
agreement with vibration values obtained from 
the literature [41]. FT-IR spectrum of Ma-
ghnite-Na+ shows characteristics bands of 
montmorillonite clay and the results are com-
parable to other types of montmorillonite clay. 
The figure shows the following bands: the 
bands between 3388-3625 cm-1 are assigned to 
Al-AlOH coupled by Al-MgOH stretching vibra-
tions. The bands between 1113 and 980 cm-1 
are attributed to Si-O out of plane and Si-O-Si 
(2 bands) in plane stretching. The deformation 
bands at 914 cm-1, 792 cm-1 and 616 cm-1 are 
assigned to Al-AlOH, AlFe3+OH and Al-MgOH, 
respectively. The band at 515 cm-1 is attributed 
to either Al-OH or Si-O bending or Al-O 
stretching vibration. The band at 449 cm-1 is 
assigned to Si-O-Al and Si-O-Mg coupled by 
OH. 
 
3.2 Characterization of Ethylene Glycol Di-
methacrylate (EGDM) 
3.2.1 NMR measurements (1H-NMR and 13C-
NMR) 
1H NMR spectra of the obtained monomer 
(EGDM) was recorded in CDCl3. The 1H NMR 
spectrum allowed us to confirm the structure of 
the obtained product. The methacrylate end 
Figure 2. FT-IR spectrum of Raw-Maghnite, 
Maghnite-H+ and Maghnite-Na+. 
Figure 3. 1HNMR spectrum of the obtained monomer (EGDM). 
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groups were clearly visible in the 1H-NMR 
spectrum of monomer product, as shown in  
Figure 3. The protons of =CH2 end group as-
signed a signal at 5.4 and 5.9 ppm. The signal 
at 4.2 ppm is attributed to the ethylene glycol 
protons and the signal observed at 1.9 ppm is 
attributed to the methyl protons (CH3) of meth-
acrylic anhydride. 
The 13C-NMR spectrum of EGDM is shown 
in Figure 4, the signal at 62 ppm is attributed 
to the ethylene glycol carbons, and C=O as-
signed a signal at 166.4 ppm. CH3 of meth-
acrylic anhydride assigned a signal at 17.9 
ppm. The vinylic carbons of methacrylic anhy-
dride assigned a signal at 125.8 and 135.8 ppm, 
which clearly shows that the synthesis of 
EGDM monomer is successful with Maghnite-
H+. 
 
3.2.2 Infrared Spectroscopy (FT-IR) 
FT-IR spectrums of EGDM have been 
shown, in Figure 5. The FT-IR spectrum of 
EGDM (Figure 5a) shows intense band at 1716 
cm-1 correspond to the valence vibration of the 
C=O of ester group, Methacrylate group being 
linked to the polymer chain end by an ester 
function. A less intense band at 1637 cm-1 cor-
responds to the valence vibration of the C = C 
bond, compare to the spectrum of Ethylene gly-
col which those bands are nonexistent. The 
band at 2959 cm-1 corresponds to the C-H of 
the monomer. It should be noted that the char-
acteristic band corresponding to the band of 
OH groups at 3292 cm-1 in the spectra of EG 
(Figure 5a) have disappeared in the spectra of 
EGDM (Figure 5b).  This would confirm that 
the synthesis of EGDM monomer is successful 
with Maghnite-H+. 
 
Figure 4. 13CNMR spectrum of the obtained monomer (EGDM). 
Figure 5. FTIR spectrums of ethylene glycol 
(a) and EGDM (b). 
Figure 6. UV-Vis spectrum of the obtained 
monomer (EGDM). 
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Figure 7. 1H NMR spectrum of the obtained polymer (PEGDM). 
Figure 8. 13CNMR spectrum of the obtained Polymer (PEGDM). 
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3.2.3 UV-Visible analysis (UV-Vis) 
UV analysis allows assaying the unsaturat-
ed end group. The dichloromethane was taken 
as a solvent, and 0.1 g of EGDM was diluted in 
50 mL of dichloromethane and then its absorb-
ance was measured. The double bond was ob-
served at  = 245 nm (Figure 6), UV-Vis analy-
sis confirm the FT-IR and NMR analyses.  
 
3.3 Characterization of the Obtained Polymer 
(PEGDM) 
3.3.1 NMR measurements (1H-NMR and 13C-
NMR) 
1H-NMR spectra of PEGDM was recorded in 
CDCl3. The 1H-NMR spectrum allowed us to 
confirm the structure of the obtained polymer, 
as shown in Figure 7. The protons of -CH2   as-
signed a signal at 1.7 ppm. The signal at 3.3 
ppm is attributed to the ethylene glycol protons 
and the signal observed at 1.5 ppm is attribut-
ed to the methyl protons (CH3). In addition, the 
1H-NMR spectrum of the obtained polymer 
shows that the peaks c and d at 5.4 and 5.9 
ppm corresponding to the protons of the double 
bond (=CH2) in EGDM were disappeared, this 
is confirm the polymerization of EGDM with 
Maghnite-Na+. 
The 13C-NMR spectrum of PEGDM is shown 
in Figure 8, the signal at 134 ppm is attributed 
to the ethylene glycol carbons, and C=O func-
tion assigned a signal at 168 ppm. CH3 as-
signed a signal at 17.7 ppm. The asymmetric 
carbon of polymer assigned a signal at 48 ppm, 
the signal at 76 ppm is attributed to –CH2 
which clearly shows that the polymerization of 
EGDM is successful with Maghnite-Na+. 
 
3.3.2 FT-IR measurements 
FT-IR spectrum of PEGDM is shown in Fig-
ure 9. The FT-IR spectrum of PEGDM shows 
intense band at 1716 cm-1 correspond to the va-
lence vibration of the C=O of ester group, this 
is confirm that the methacrylate group being 
linked to the end of polymer chain by an ester 
function, compare to the spectrum of PEG 
(Figure 5a) which those bands are nonexistent. 
In addition, Figure 9 shows clearly that the 
band corresponds to the valence vibration of 
the double bond C=C at 1637 cm-1, is disap-
peared. The band at 2959 cm-1 corresponds to 
the C-H of the polymer. This would confirm the 
polymerization of EGDM with Maghnite-Na+. 
 
3.3.3 Thermogravimetric Analysis (TGA) 
Thermal stability of the obtained monomer 
(EGDM) and the obtained polymer (PEGDM) 
are shown in Figure 10. The figure shows that 
the end capping with methacrylic anhydride is 
effective since degradation occurred at higher 
temperatures. This result confirms the previ-
ous 1H-NMR analysis. It can be found that at 
the temperature of 348 °C the weight loss 
amounted to 93%, which can be reasonably at-
tributed to the weight loss of the polymer and 
to the decomposition of PEGDM chains. The 
same results was obtained by Chu et al. [42]. 
 
3.4 Kinetic Study of the Synthesis of Polyeth-
ylene Glycol Dimethacrylate (PEGDM) 
The objective of this part is to study the ef-
fect of various parameters including the quan-
tity of the catalyst and the reaction time, on 
the yield of the obtained polymer in order to 
find the optimum conditions for the reaction. 




where M0 is  weight of the obtained macromon-
omer (PEGDM) and M1 is weight of the initial 
monomer (EGDM). 
 
Figure 9. FTIR spectrum of PEGDM. 
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3.4.1 Effect of Maghnite-Na+ amount on the 
yield of PEGDM 
Figure 11 shows the effect of the amount of 
the catalyst on the yield of the obtained macro-
monomers (PEGDM). The synthesis was car-
ried out at 0 °C for 5 h using various amounts 
of Maghnite-Na+ (2, 5, 7, 10, and 12 wt%).     
Figure 11 shows that the yield of macromono-
mers increased with the amount of Maghnite-
Na+. The output increases according to the 
quantity of Maghnite-Na+ up to the optimal 
point, which corresponds to 10%. This behavior 
is explained by the increase of active sites 
available in Maghnite-Na+ responsible for the 
initiation and acceleration of the reaction until 
the saturation of these sites. Similar results 
were obtained by Belbachir and coworkers [43]. 
 
3.4.2 Effect of the time on the yield of PEGDM 
Figure 12 shows the yield of the macromon-
omers versus time for the synthesis of PEGDM 
using Maghnite-Na+ as catalyst. As the Figure 
shows that at the end of 5 h, reaction takes 
place quickly and reaching the best yields 
(98%) in presence of 10 wt% of Maghnite-Na+ at 
0 °C. After this time, the reaction slows down 
gradually and the yield becomes almost con-
stant. This behavior is explained by the nature 
of the reaction conducted in solution.  
 
4. Conclusion 
 In the present work Maghnite has been 
modified using ion exchange process to obtain 
Maghnite-H+ (proton exchanged process) and 
Maghnite-Na+ (sodium exchanged process) as a 
non-toxic catalyst. FTIR and XRD analysis 
have proven that this clay belonged to the fami-
ly of montmorillonite. The synthesis and the 
polymerization of EGDM were found to be initi-
ated by Maghnite-H+ and Maghnite-Na+,       
respectively. The structure of the obtained 
monomer and polymer is confirmed by FT-IR, 
1H-NMR, and 13C-NMR. The presence of un-
saturated end group in the structure of mono-
mer was confirmed by UV-Visible analysis. 
TGA analysis are used to study the thermal 
stability of the obtained polymer. Another in-
teresting aspect is also that Maghnite can be 
easily separated from the polymer products 
and regenerated by heating to a temperature 
above 100 °C. 
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